Intact chloroplasts and cell walls were prepared from horse-chestnut leaves that had previously metabolized [2-14C]mevalonate. The bulk of the castaprenols and plastoquinone-9 was found within the chloroplasts. The remaining portion of the castaprenols was associated with the cell-wall preparation whereas that of the plastoquinone-9 was probably localized in the soluble fraction of the plant cell. The 14C content of these compounds ofdifferent cell fractions indicated the presence of polyisoprenoid-synthesizing activity both inside and outside the chloroplasts. This was confirmed by the relative incorporation of 14C when ultrasonically treated and intact chloroplasts were incubated with [2-14C]mevalonate. As the leaves aged (on the tree) an increase in extraplastidic castaprenols and plastoquinone-9, together with associated synthesizing activities, was observed.
Polyisoprenoid alcohols of up to 65 carbon atoms in length have been identified in the leaf tissue of many angiosperms (Wellburn & Hemming, 1966a) . All isolated alcohols have the general formula (I) and usually occur naturally as mixtures of cogeners. Solanesol is the only natural all-tran8-polyprenol so far described. It was first isolated from tobacco leaves and was shown to be all-trans-nonaprenol (n = 9) by Erickson, Shunk, Trenner, Arison & Folkers (1959) and by Kofler et al. (1959) . Those alcohols from the leaves of Aesculu8 hippoca8tanum (horse chestnut), Ficu8 ela9tica (decorative rubber plant), Betula verrucosa (birch) and Hevea bra8i-liesis8 (rubber plant) have been fully characterized (Wellburn, Stevenson, Hemming & Morton, 1967;  Stone, Wellburn, Hemming & Pennock, 1967; Wellburn & Hemming, 1966c;  Dunphy, Kerr, Pennock, Whittle & Feeney, 1967) . They have all been shown to exist naturally as mixtures of alcohols ranging from 50 to 65 carbon atoms in length and have been termed the castaprenols-10 to -13, ficaprenols-10 to -13 and betulaprenols-10 to -13 respectively.
In contrast with solanesol, where the protons on the double bond are solely in the trans position relative to the methyl groups, only three of the internal double bonds of the castaprenols, ficaprenols etc. are in the trans configuration. As the exact location of the isoprene units having the ci1s configuration within the isoprenoid chain has not * Present address: Department of Biology, University of Lancaster.
been established, it is not yet certain if the castaprenol, ficaprenol, betulaprenol and heveaprenol that correspond in chain length are stereochemically identical with each other. However, if in each prenol the three trans units are adjacent to the cu-terminal unit, it seems likely that, during biosynthesis, isoprene units with the cis configuration are added in turn to an all-trans precursor such as all-tran-geranylgeranyl pyrophosphate.
Mixtures of similar isoprenoid alcohols have also been isolated from the non-photosynthetic tissues of angiosperms. In birch wood, Lindgren (1965) has indicated the presence of betulaprenols-6 to -9. Subsequent isolation has shown them each to contain one less internal trans-isoprene residue than the corresponding betulaprenols-10 to -13 from birch leaves (Wellburn & Hemming, 1966c) .
The quantitative distribution of isoprenoid alcohols in plant tissue has not been extensively investigated. Stevenson, Hemming & Morton (1963) Bailey & Whyborn (1963) . Analysis of these fractions showed that the bulk of the seasonal increase of castaprenols within horse-chestnut leaves may be accounted for by the increase in castaprenol content of the osmiophilicglobule fraction (Weilburn & Hemming, 1966b) . These results were substantiated the following year by similar analyses of fragments prepared from intact chloroplasts obtained by the Leech densitygradient method (Wellburn, 1966 Chloroplasts with intact membranes were prepared from the first and second pairs ofleaves above each annual ring by the method of Leech (1964) . Thedebris from the chloroplast preparations was employed as the starting material for the preparation of purified cell walls by using a modified form of the method of Kivilaan, Beaman & Bandurski (1959 Truter (1963) . The sterols were estimated by using a modified form ofthe method ofZlatkis, Zak & Boyle (1953) as described by Leffler & McDougald (1963) . Total chlorophyll, finally eluted by 5% (vfv) methanol in diethyl ether, was determined by the method of Vishniac (1957) .
A88ay of 'cellulo8e'. The method suggested by Monier & Williams (1921) for the hydrolysis of cell-wall fractions and samples of leaf tissue was adopted. Simultaneous estimation of the test (hydrolysed), blank (non-hydrolysed) and standard solutions was carried out in triplicate by using the combined methods of Somogyi (1945) and Nelson (1944) As8ay of radioactivity. After assay, each lipid from experiments with labelled precursor was diluted with known carrier amounts of appropriate unlabelled material by using synthetic plastoquinone-9, authentic castaprenol mixture and stigmasterol respectively. The labelled fractions were chromatographed on suitable thin-layer chromatographic systems to constant specific activity. Though the stigmasterol-enriched fractions almost certainly contained other sterols, previous work (Wellburn, 1966) has shown both plastoquinone-9 and castaprenols to be pure after this treatment. After a final assay of the lipid materials, the specific activities were recorrected to the original amounts of labelled material. All counting was carried out with a Packard Tri-Carb liquid-scintillation counting system (model 314EX; Packard Instrument Co., La Grange, Ill., U.S.A.) The scintillation solution consisted of 0.5% (w/v) 2-5-diphenyloxazole and 0.3% (w/v) 1,4-bis-2-(4-methyl-5-diphenyloxazol-2-yl)benzene in toluene. All counts of radioactivity were corrected for background, quenching and the efficiency of counting.
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RESULTS AND DISCUSSION
During studies of intracellular distribution, the preparation of a good specimen of a particular component is generally to the detriment ofthe other subfractions. Numerous studies have described subfractions of very indefinite constitution, often in terms of their centrifugal characteristics. In the present series of experiments, an attempt was made to prepare two good specimens of subcellular components, namely intact chloroplasts by one of the best recognized techniques available and cell walls by one ofthe few successful methods described.
The recovery of castaprenols and plastoquinone from the cell-wall preparation, in each case, has been corrected for contamination derived from the chloroplasts. In making this correction it has been assumed that chlorophyll occurs only in the chloroplasts and that the concentrations of castaprenols and plastoquinone/mg. of chlorophyll are the same in intact or ruptured chloroplasts. The attainment of a direct relationship between wholeleaflipids and those in the cell-wall preparations has been enabled by the expression ofall lipid concentrations in terms of 'cellulose' or hydrolysable reducing sugar. Plastoquinone, determined in molar terms, is probably a measure of plastoquinone-9 together with plastoquinone-4, which has been reported in horse-chestnut leaves (Eck & Trebst, 1963 Analyses for sterols were carried out only in Expt. 2. The sterol concentrations of the chloroplasts (Table 3) were surprisingly high when compared with the results obtained by Mercer & Treharne (1966) with chloroplasts of a different species.
The amount of radioactivity associated with plastoquinone and the castaprenols in the two later stages is also shown in Table 2 . The low incorporation of radioactivity into these compounds within the chloroplasts is presumably due to the relative imnpermeability of the chloroplast membrane to mevalonate, as shown by Goodwin & Mercer (1963) . Apart from this, on examination of the specific activities of both isoprenoids it seems likely that a biosynthetic site for each also exists outside the chloroplast. These sites are probably associated with the 'soluble' fraction of the 'residue'. The results are consistent with a portion of the compounds, particularly the castaprenols, being formed in the 'soluble' fraction followed by transfer to the cell walls. (Mercer & Goodwin, 1962 , 1963 Treharne, Mercer & Goodwin, 1964) Similarly, some contamination of the chloroplast preparation by the extraplastidic castaprenolsynthesizing system is indicated. Nevertheless, the threefold increase in incorporation of radioactivity into the castaprenols, in suspensions of ruptured chloroplasts over non-ruptured chloroplasts, would indicate a site of polyisoprenoid alcohol biosynthesis within the chloroplast as well as outside. Chloroplast disruption may be a natural phenomenon in aging leaves and involve a concomitant redistribution of the various enzymes involved in chloroplast terpenoid formation. This may explain the presence in older leaves of apparent sites of biosynthesis outside the chloroplast envelope of two isoprenoid constituents found and formed predominantly inside the chloroplast in younger leaves.
The rate of biosynthesis of polyisoprenoid alcohols is invariably slow. Indeed, the use of mature leaf tissue in this study is enforced as only then does biosynthesis occur to any significant extent. Polyisoprenoid alcohols accumulate in older plant tissue and have been shown to be specifically associated with the chloroplasts of the cell. It is therefore relevant that, as leaves age, the rise in the concentration of the castaprenols, both inside and outside the chloroplast, at 20 and 24 weeks is accompanied by a fall in chlorophyll and plastoquinone concentrations (Wellburn & Henmming, 1966a,b) . It may well be that at this stage there is a gradual loss of control of metabolism of the common precursor geranylgeranyl pyrophosphate that leads to an increase in the activity of the castaprenol-synthesizing system and a decrease in activities of the phytol-and plastoquinonesynthesizing systems. It is also possible that the increased castaprenol-synthesizing activity outside the chloroplast is associated with 'natural' rupture of some of the chloroplasts. Both processes could be significant factors in the senescence ofleaves.
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